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 مقدمه ناشر

 داًٌذ برابرًذ؟  )قرآى کرین( داًٌذ با آًاًکه ًوی آیا آًاًکه هی

دس اظ حوس ٍ سذبس ٍ سشبٗص ثِ زضگبُ ثٖ ّوشبٕ احسٗز ٍ زضٍز ثط هحوس هػغفٖ، ػبلٖ ًوًَهِ ثطهطٗز وهِ زض سبضٗهه زٍض     

سطٗي حهس سهَحص ٍ لهو  ٍ ثطثطٗهز ٍ هًبهبُ ثهب        زض دسزسبضٗد، ثٌب ثِ فطهبى ًبفص غوسٗز اظ ه٘بى هطزهٖ ثطذبسز وِ ذَز ثَزًس 

لَاً٘ي ضبهل ذَٗص ّن اٗطبى ضا ضاّجطٕ ًوَز ٍ ضّبً٘س اظ ثسٍٗز ٍ اسشؼبًز خَٗ٘ن اظ لهطهى وهطٗن، وشهبثٖ وهِ ّسهز خبٍزاًهِ ٍ       

 ًمع سب اثسٗز. ثٖ

بّبى اسز وِ ثطهجٌهبٕ ذوغهِ   وشبثٖ وِ زض زسز زاضٗس هذطٗي ٍٗطاٗص اظ هدوَػِ وشت ذَزههَظ هؤسسِ ههَظش ػبلٖ هظاز ه

هٍضٕ ضسُ اسز. زض اٗي ٍٗطاٗص لوي سَخِ وبهل ثهِ   إ خوغ ّبٕ چْبض گعٌِٗ زضس ٍ سأو٘س ثط ًىبر هْن ٍ ول٘سٕ ٍ سٌَع دطسص

ّبٕ اضضس سوش گطزٗسُ اسز وِ هغبلت اظ هٌبثغ هرشله  هؼشجهط ٍ ههَضز     ى ّبٕ سؼ٘٘ي ضسُ خْز هظهَ هذطٗي سغ٘٘طار زض سطفػل

إ ثب ول٘س ٍ زض غَضر لعٍم سططٗح وبهل اضائِ گطزز سهب   ّبٕ چْبض گعٌِٗ ّبٕ هشؼسز ثػَضر دطسص حبى اضضس ثب شوط هثب سأو٘س عطا

 زاًطدَٗبى گطاهٖ ضا اظ هطاخؼِ ثِ سبٗط هٌبثغ هطبثِ ثٖ ً٘بظ ًوبٗس.

سَاًهس   گطزز هٖ َض ثطگعاض هّٖبٕ هظهبٗطٖ هبّبى وِ زض خبهؼِ ههبضٕ گسشطزُ ٍ زض سغح وط لاظم ثِ شوط اسز ضطوز زض هظهَى

هحه خسٕ ثطإ ػعٗعاى زاًطدَ ثبضس سب ًمبط لؼ  احشوبلٖ ذَز ضا ث٘بثٌس ٍ ثب هطٍض هدسز هغبلت اٗي وشبة، هًْب ضا ثطعطف سبظًس 

 ثبضس. سطٗي ضاُ ثطإ هَفم٘ز هٖ ّبٕ هرشل  هَوس اٗي هس٘ط ثِ ػٌَاى هغوئي وِ سدطثِ سب 

 سَاً٘س ذسهبر دطش٘جبًٖ ضا زضٗبفز زاضٗس. هٖ www.mahanportal.irى ثِ هزضس لاظم ثِ شوط اسز اظ دَضسب  هبّب

ّبٕ هْن اضظٗهبثٖ   وِ اظ ضبذػِ -ّبٕ اضضس ثبل٘ن وِ ّوِ سبلِ ه٘عاى سغج٘ك هغبلت اٗي وشبة ثب سؤالار هظهَى ٍ ً٘ع ثط ذَز هٖ

 ًوبٗس. هب ضا زض هحضط ضوب سطثلٌس هٖ -ثبضس ّب هٖ و٘فٖ اٗي وشبة

زاً٘ن وِ اظ ّوِ اسبس٘س ثعضگَاض ٍ زاًطدَٗبى اضخوٌس اظ سطاسط وطَض ٍ حشٖ ذبضج اظ وطَض ٍ ّوهِ   ثط ذَز ٍاخت هٖزض ذبسوِ 

عاضٕ ًوَزُ سذبسبّوىبضاى گطاهٖ وِ ثب اضائِ ًمغِ ًظطار سبظًسُ ذَز هب ضا زض دطثبضسط وطزى ٍٗطاٗص خسٗس اٗي وشبة ٗبضٕ ًوَزًس 

 وشبة ضا ثِ هحضطضبى سمسٗن ًوبٗ٘ن. ّبٕ ثٖ چطوساضز، اٗي ٍ ثِ دبس سوش
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 مقدمه مؤلف 

فػهل ٍ ّهط فػهل     18إ خْز سمَٗز ظثبى سرػػٖ زاًطدَٗبى ضضشِ ههَاز ثهَزُ وهِ ضهبهل     وشبثٖ وِ زض د٘ص ضٍزاضٗس هدوَػِ

 ثبضس.إ ذبظ ضضشِ هَاز هٖهرشع ظهٌِ٘

اظ هًدبئ٘ىِ ثْشطٗي هٌجغ خْز هغبلؼِ اٗي زضس وشبة ظثبى سرػػٖ زاًطدَٗبى هٌْسسٖ هَاز ًَضشِ زوشط هحوس فوحٖ هم٘وهٖ  

شْبٕ ّط فػل لغبر هطثَط ثِ هى ظهٌِ٘ سرػػٖ ي وشبة ّوطاُ ثب سطخوِ هٍضزُ ضسُ ٍ زض هشي اغلٖ اٗ 18ثبضس زض اٗي هدوَػِ هٖ اً

 ّوطاُ ثب دبسد سططٗحٖ هًْب هٍضزُ ضسُ اسز. 85سب  72ّبٕ سطاسطٕ اظ سب  زازُ ضسُ اسز ٍ زض دبٗبى وشبة ولِ٘ سسشْبٕ هظهَى

ن اظ هسٗطٗز هؤسسِ هبّبى هلبٗبى س٘بضٕ ٍ ّوچٌ٘ي سطوبلاظم هٖ سٕ سطضز ثِ سجت سوضْبٕزاً هي    ثٖ ض ذبًن ظاّ زضٗغطهبى زض چهبح اٗ

ٖ ضا زاضشِ ثبضن.هدوَػِ ،  ًْبٗز سطىط ٍ لسضزاً

ذبًَازُ ػعٗعم ثرػَظ دسض ٍ هبزض هْطثبى ٍ ثعضگَاضم وهِ زض سوهبهٖ هطاحهل زض وٌهبضم      زضٗغّوچٌ٘ي ّوَاضُ ذَز ضا هطَّى هحجشْبٕ ثٖ

ن.ثَزًس، هٖ  زاً

ن اثطاظ هًدب وِ هٖ طوٌسم اضىبلار هدوَػِ، ًظطار ٍ د٘طٌْبر ذهَز ضا ثهِ   م ػبضٕ اظ اضىب  ًوٖزاً طدَٗبى ٍ اسبس٘س ذَاّ ثبضس اظ ولِ٘ زاً

اضسب  ًوبٌٗس، وِ اه٘سٍاضم ثب اػوب  اٗي ًظطار زض چبدْهبٕ ثؼهسٕ زض اضائهِ هدوَػهِ       elahe.jabari@gmail.comهزضس الىشطًٍ٘ىٖ 

طدَٗبى ػعٗع هَفك ثبض٘ن.  وبهل ثِ زاً
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Unit 1 

Materials Science Engineering 
 

The technical term " materials science engineering " needs some elucidation for the beginner. 

The word " materials " here does not refer to all matter in the Universe. If this were so, it would 

include all the physical sciences and the life sciences from astronomy to zoology! By including 

the word inanimate in the definition, we can exclude the life sciences from our purview. Further, 

we can restrict the definition only to matter useful to mankind. Even here, the range is too broad 

for the purposes of the engineer. For example, we can list a large number of things useful to 

man, such as food, medicines, explosives, chemicals, water, steel, plastics and concrete, only a 

few of which qualify as engineering materials. We have then to be more specific, and define 

materials as that part of inanimate matter which is useful to the engineer in the practice of his 

profession. In the currently understood sense of the term, materials refer only to solid materials, 

even though it is possible to quote a number of examples of liquid and gaseous materials such as 

sulphuric acid and steam, that are useful to the engineer. 

The word " science " in the technical term refers to the physical sciences, in particular to 

chemistry and physics. As we confine ourselves mainly to solids in materials science, the subject 

is related to solid state chemistry and solid state physics. The word " engineering " indicates that 

the engineering usefulness of the matter under study is always kept in mind, irrespective of 

whether the basic laws of science can be rigorously applied or not. Where the basic laws cannot 

be applied, the materials engineer does not give up what is important to him from a practical 

point of view. He uses the best possible approximation, develops empirical rules and 

extrapolates available information to unknown situations. In this respect, materials science and 

engineering draw heavily from the engineering sciences such as metallurgy, ceramics and 

polymer science. These, in their own time, have grown out of their interaction with the basic 

sciences of chemistry and physics. 

 

Classification of Engineering Materials 

Having defined the limits of materials that come under our purview, we can classify them in 

three broad groups according to their nature: 

(i) metals and alloys 

(ii) ceramics and glasses 

(iii) organic polymers 

Metals are familiar objects with a characteristic appearance, are capable of changing their 

shape permanently and have good thermal and electrical conductivity. An alloy is a combination 

of more than one metal. Ceramics and glasses are nonmetallic inorganic substances, which are 

brittle and have good thermal and electrical insulating properties. Organic polymers are 

relatively inert and light and generally have a high degree of plasticity. Fig.1-1 lists typical 
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examples from each of these three groups of materials. In addition, a number of examples of 

materials which are composites made up of two groups are also shown. 

Materials can be classified in an alternative way, according to the major areas in which they 

are used. These areas are: 

(i) structures;  

(ii) machines; and 

(iii) devices. 

Structures (not to be confused with the internal structure of a material) refer to the objects 

without moving parts erected by engineers, such as a concrete dam, a steel melting furnace, a 

suspension bridge and an oil refinery tower. Machines include lathes, steam and gas turbines, 

engines, electric motors and generators. Devices are the most recent addition to engineering 

materials and refer to such innovations as a transistor, a photoelectric cell, piezoelectric 

pressure gauges, ceramic magnets and lasers. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1-1. The three major groups of engineering materials. 

Invariably, in each category of applications, we find materials from all the three groups 

described above. To give some examples, an aircraft structure is built of aluminium alloys and 

plastics; a steel melting furnace is built of refractory oxides and structural steel; safety helmets 

are made of glass-reinforced plastics. We have metal-oxide semiconductors. The block diagram 

in Fig.1-2 depicts this interplay between material groups and categories of applications. 
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Levels of Structure 

The internal structure of a material, simply called the structure, can be studied at various 

levels of observation. The magnification and the resolution of the physical aid used are a 

measure of the level of observation. The higher is the magnification, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-2. Each category of engineering application requires materials from any or all of the three groups of materials. 

finer is the level. The details that are disclosed at a certain level of observation are generally 

different from the details disclosed at some other level. Henry Sorby was one of the first to 

realize this, when he wrote in 1886: "Though I had studied the microscopical structure of iron 

and steel for many years, it was not until last autumn that I employed what may be called high 

powers. This was partly because I did not see how this could be satisfactorily done, and partly 

because it seemed to me unnecessary." 

Depending on the level, we can classify the structure of materials as: 

Macrostructure, 

Microstructure, 

Substructure, 

Crystal structure, 

Electronic structure, and 

Nuclear structure. 
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 فصل اول 

 ههٌذسی علن هَاد

 

ض اٌٗدب ثِ ّؤ هَاز خْبى اضبضُ هجشسٕ زاضز. ٍاغُ هَاز ز فطز ضٕ سَل٘ح ثطإامسهاحش٘بج ثِ « هٌْسسٖ ػلن هَاز » ٍاغٓ فٌٖ 

ثب اسشفبزُ اظ سَاً٘ن  هٖ ضس. هٖ خبًَضضٌبسٖسب ظٗسشٖ اظ فضبًَضزٕ  ضبهل ّؤ ػلَم ف٘عٗىٖ ٍ ػلَم، اگط اٗي چٌ٘ي ثَزوِ ًساضز. 

س ثطإ ثطط سؼطٗ  ضا سٌْب ثِ هَاز هف٘سَاً٘ن  ، هٖػلَم ظٗسشٖ ضا اظ هحسٍزُ هبى ذبضج وٌ٘ن. ثِ ػوٍُ، ٍاغُ ثٖ خبى زض سؼطٗ 

سؼساز ظٗبزٕ اظ اض٘بء هف٘س ثطإ سَاً٘ن  ، هٖهحسٍزُ ثطإ همبغس هٌْسسٖ ثس٘بض گسشطزُ اسز. ثطإ هثب ، هحسٍز وٌ٘ن. حشٖ اٌٗدب

ظ هًْب ثِ ػٌَاى دوسش٘ىْب ٍ ثشي وِ سٌْب سؼساز ووٖ ا، فَلاز، هة، هَاز ض٘و٘بٖٗ، ُطهَاز هٌفد، زاضٍّب، ثطط ضا ل٘سز وٌ٘ن هثل غصا

خبى سؼطٗ  وٌ٘ن وِ  ثٌبثطاٗي ثبٗس اذشػبغٖ سط ضَٗن ٍ هَاز ضا ثِ ػٌَاى هى ثرص اظ هَاز ثٖ ضطاٗظ ّسشٌس. هٌْسسٖ زاضإ هَاز

اگطچِ هوىي اسز   ،زاضزهَاز فمظ ثِ هَاز خبهس اضبضُ ، ثطإ هٌْسس زض ضًٍس حطفِ اش هف٘س ثبضس. زض ثطزاضز فؼلٖ اظ اٗي ٍاغُ

 ثبضٌس. هٖ ٍ گبظ هبًٌس اس٘س سَلفَضٗه ٍ ثربض شوط ضًَس وِ ثطإ هٌْسس هف٘سسؼسازٕ اظ هثبلْبٕ هَاز هبٗغ 

ثِ ذػَظ ثِ ض٘وٖ ف٘عٗه اضبضُ زاضز. اظ هًدب وِ زض ػلن هَاز ذَز ضا ػوسسبً ثِ ، زض ػجبضر فٌٖ ثِ ػلَم ف٘عٗىٖ« ػلن » ٍاغٓ 

وٌس وِ  هٖ ضَز. ٍاغُ هٌْسسٖ ث٘بى هٖ خبهسف٘عٗه حبلز  ٗبهَلَع هطثَط ثِ ض٘وٖ حبلز خبهس ، وٌ٘ن هٖ هَاز خبهس هحسٍز

سَاًٌس زل٘مبً اػوب  ضًَس ٗب ذ٘ط.  هٖ نلإ ػغطفٌظط اظ اٌٗىِ هٗب لَاً٘ي دبِٗ، فبٗسٓ هٌْسسٖ هبزٓ سحز هغبلؼِ ّو٘طِ هسًظط اسز

اٍ اظ  گصاضز. ًوٖ اسز وٌبض هَاز هًچِ ضا وِ اظ ًمغِ ًظط ػولٖ ثطإ ٍٕ هْن، هٌْسس سًًشَاًٌس اػوب  ضَإ  زض خبئ٘ىِ لَاً٘ي دبِٗ

 زّس ٍ اعوػبر هَخَز ضا ثِ هَلؼ٘شْبٕ ًبهؼلَم ثطٍى ٗبثٖ هٖ وٌس. لَاً٘ي سدطثٖ ضا گسشطش هٖ ثْشطٗي سمطٗت هوىي اسشفبزُ

ثِ ، سطاه٘ه ٍ ػلن دل٘وط ثسشبٖ زاضز. اٌْٗب، غٕضضسٗساً ثِ ػلَم هٌْسسٖ هبًٌس هشبلَ، وٌس. زض اٗي ضاثغِ ػلن ٍ هٌْسسٖ هَاز هٖ

 اًس.اظ اضسجبط هشمبثلطبى ثب ػلَم دبِٗ ض٘وٖ ٍ ف٘عٗىٖ ضضس وطزُ، ًَثٔ ذَز

 

 طبقه بٌذی هَاد ههٌذسی 

 هًْب ضا زض سِ گطٍُ ثطاسبس هبّ٘شطبى عجمِ ثٌسٕ وٌ٘ن:سَاً٘ن  هٖ هب، گ٘طًس هٖ ثب سؼطٗ  حسٍز هَازٕ وِ زض هحسٍزُ هب لطاض

(iفلعار ٍ هل٘بغّب ) 

(iiسطاه٘ىْب ٍ ض٘طِ ّب ) 

(iiiٖدل٘وطّبٕ هل ) 

سَاًٌس سغ٘٘طضىل زائوٖ زاضشِ ثبضٌس ٍ ضسبًبٖٗ گطهبٖٗ ٍ  وِ هٖثب ظبّطٕ هطرع ّسشٌس إ  اض٘بٕ ضٌبذشِ ضسُ، فلعار

هَاز هؼسًٖ غ٘طفلعٕ ّسشٌس وِ ، الىشطٗىٖ ذَثٖ زاضًس. ٗه هل٘بغ ٗه سطو٘ت اظ ث٘ص اظ ٗه فلع اسز. سطاه٘ىْب ٍ ض٘طِ ّب

ثبضٌس ٍ ػوَهبً زضخِ ثبلاٖٗ اظ  هٖ ٗمٖ گطهبٖٗ ٍ الىشطٗىٖ ذَثٖ زاضًس. دل٘وطّبٕ هلٖ ًسجشبً ذٌثٖ ٍ سجهضىٌٌسُ ثَزُ ٍ ذَاظ ػب

سؼسازٕ اظ ، . ثِ ػوٍُسزهثبلْبٕ ضاٗح ّطٗه اظ اٗي سِ گطٍُ اظ هَاز ضا ل٘سز وطزُ ا 1-1دوسش٘س٘شِ ضا زاضا ّسشٌس. ضىل 

 اًس. ّسشٌس ً٘ع ًطبى زازُ ضسُ هثبلْبٕ هَازٕ وِ وبهذَظٗشْبٕ هشطىل اظ زٍ گطٍُ
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ّب  گ٘طًس ً٘ع عجمِ ثٌسٕ ضًَس. اٗي حَظُ هٖ وِ هَضز اسشفبزُ لطاضإ  ػوسُّبٕ  سَاًٌس ثِ عطٗمٖ زٗبط عجك حَظُ هٖ هَاز

 ػجبضسٌس اظ:

(iسبظُ ّب : ) 

 (iiهبضٌْ٘ب : ) 

(iiiلغؼبر ٍ ) 

اضبضُ زاضًس هبًٌس ، ضسُ سَسظ هٌْسس٘يًػت اخعإ هشحطن  ّب ) ثب سبذشبض زاذلٖ هبزُ اضشجبُ ًطَز( ثِ اخسبم ثسٍىذشبضسب

، ، سَضثٌْ٘بٕ گبظٕ ٍ ثربضسطاشٗه دل هؼلك ٍ ٗه ثطج سمغ٘ط ًفز. هبضٌْ٘ب ضبهل هبضٌْ٘بٕ ، ٗه وَضُ شٍة فَلاز، ٗه سس ثشٌٖ

ٌس وِ ثِ اثساػبسٖ ًظ٘ط ثبض هٖ ثبضٌس. لغؼبر، هذطٗي افعٍزُ ثِ هَاز هٌْسسٖ هٖ هَسَضّبٕ الىشطٗىٖ ٍ غًطاسَضّب، هَسَضّب

 ضثبّبٕ سطاه٘ىٖ ٍ ل٘عضّب اضبضُ زاضًس. هّي، فطبضسٌدْبٕ د٘عٍالىشطٗه، َالىشطٗهشفد٘ل ٗه ، سطاًعٗسشَض

سبذشبض ٗه ، ٗبث٘ن. ثِ ػٌَاى هثب  هٖ هب هَازٕ اظ ّط سِ گطٍُ سَل٘ح زازُ ضسُ زض ثبلا ضا، زض ّط گطٍُ اظ وبضثطزّب، ّو٘طِ

فَلاز سبذشوبًٖ سبذشِ ضسُ ٍ َهٌَ٘٘م ٍ دوسش٘ىْب سبذشِ ضسُ اسز. وَضُ شٍة فَلاز اظ اوس٘سّبٕ ًسَظ َّاد٘وب اظ هل٘بغّبٕ هل

 ضسبًبّبٕ اوس٘س فلعٕ ضا زاضٗن. هب ً٘وِ اًس. اسز. ووّْبٕ اٗوٌٖ اظ دوسش٘ىْبٕ سمَٗز ضسُ ثب ض٘طِ سبذشِ ضسُ

 زّس. وبضثطزّب ضا ًطبى هّٖبٕ  زسشِ اٗي اضسجبط هشمبثل ث٘ي گطٍّْبٕ هَاز ٍ، 1-2ًوَزاض ثلَوٖ ضىل 

 

 سطَح ساختار

سَاًس زض سغَح هرشل  هطبّسُ هغبلؼِ ضَز. ثعضگٌوبٖٗ ٍ  ، هٖضَز هٖ سبذشبض زاذلٖ ٗه هبزُ وِ ثِ عَض سبزُ سبذشبض ًبه٘سُ

سط اسز. خعئ٘بسٖ ٍالح سبظٕ زسشببُ ف٘عٗىٖ هَضز اسشفبزُ هؼ٘بضٕ اظ سغح هطبّسُ اسز. ّطچِ ثعضگٌوبٖٗ ث٘طشط ثبضس سغح ضٗع

 ضًَس، ػوَهبً ثب خعئ٘بر هضىبضضسُ زض سغح زٗبط فطق زاضًس. هٖ وِ زض ٗه سغح هؼٌٖ٘ اظ هطبّسُ ًوبٗبى

 ًَضز :  1886ٌّببهٖ وِ اٍ زض ، ٌّطٕ سطثٖ ٗىٖ اظ اٍل٘ي وسبًٖ ثَز وِ اٗي هَلَع ضا زضن وطز

سَاى سَاًْبٕ  ثَزم ٍلٖ زض دبٗ٘ع گصضشِ ثَز وِ هًچِ ضا وِ هٖاگطچِ سبلْب سبذشبض ه٘ىطٍسىَدٖ هّي ٍ فَلاز ضا هغبلؼِ وطزُ » 

سَاًس ثِ عَض ضلبٗز ثرص اًدبم  هٖ ضسم اٗي وبض چبًَِ ًوٖ سٕ ثِ اٗي ػلز ثَز وِ هي هشَخِحاٗي سب  .«ثِ وبض ثطزم ، ثبلا ًبه٘س

 ههس. هٖ ضَز ٍ سب حسٕ ثِ اٗي ػلز ثَز وِ ثِ ًظط هي غ٘طلطٍضٕ

 اً٘ن سبذشبض هَاز ضا اٌٗبًَِ عجمِ ثٌسٕ وٌ٘ن:سَ هب هٖ، ثسشِ ثِ سغح

 زضضز سبذشبض

 ضٗعسبذشبض

 ظٗطسبذشبض

 سبذشبض ثلَضٕ

 ٍ، سبذشبض الىشطًٍٖ

 سبذشبض ّسشِ إ
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Comprehension Exercises 
A. Put “T” for true and “F” for false statements. Justify you answers. 

1. The word ‘materials’ in the passage refers to all matters in the universe. 

2. The word ‘science’ in the context refers to the physical sciences, in particular to chemistry 

and physics. 

3. An alloy is a substance of only one metal. 

4. The word ‘structure’ used in the passage refers to the internal structure of a material. 

5. It is true that polymer science, ceramics and metallurgy have originated from their 

interaction with the basic sciences of chemistry and physics. 

6. Materials can never be categorized according to their nature of major areas of application. 

7. Sulphuric acid and steam are examples of liquid and gaseous materials.  

8. The term material used in the passage excludes all sciences from astronomy to zoology. 

9. The passage indicates that materials as part of animate matter qualify as engineering 

materials. 

10. Metals are unfamiliar objects if viewed as characteristic appearance. 

 

B. Choose a, b, c, or d which best completes each item. 
1. According to the passage, materials are classified as ………… . 

a. organic polymers  b.ceramics and glasses 

c. metals and alloys  d. all of the above 

2. Materials engineering draws heavily on ………… . 

a. astronomy 

b. metallurgy, ceramics and polymer science 

c. zoology 

d. all inanimate materials 

3. The major area(s) in which the engineering materials are used, as indicated by the 

passage, are ………… . 

a. structures b. machines c. devices d. all of the above 

4. The passage indicates that metals are capable of changing their ………… permanently. 

a. shape  b. electrical conductivity 

c. thermal conductivity d. plasticity 

5. Glasses and ceramics are ………… substances. 

a. non-metallic organic b. metallic inorganic 

c. non-metallic inorganic d. metallic organic 

6. It is pointed out that a steel melting furnace is built of …………  and structural steel. 

a. aluminium alloys  b. reinforced plastics 

c. metal oxides  d. refractory oxides 

7. Organic polymers are relatively ………… . 

a. light and inert  b. heavy and inert 

c. heavy but non-inert d. weighty 

8. An aircraft structure is usually built of aluminium alloys and ………… . 

a. elastics b. steel c. plastics d. structural steel 

9. Safety helmets are made of ………… . 

a. glass-nonreinforced plastics b. refractory materials 

c. carbon-reinforced materials d. glass-reinforced plastics 
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 تمرینات مفهومی
 ات زیر صحیح یا غلط هستٌذ.با تَجه به هتي تشخیص دهیذ که عبار -الف

 غلظ -1

 زضسز -2

 غلظ -3

 غلظ -4

 زضسز -5

 غلظ -6

 زضسز -7

 غلظ -8

 غلظ -9

 غلظ -10

 بهتریي گسیٌه برای کاهل کردى هتي کذام است. -ب

1- d 

2- b 

3- d 

4- a 

5- c 

6- d 

7- a 

8- c 

9- d 
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 لغات فصل اول
 

 
 

 
 

alloy هل٘بغ geometric pattern ٖالبَٕ ٌّسس 

amorphous َضف، ثٖ ضىلهه glass-reinforced plastics ِدوسش٘ه ّبٕ سمَٗز ضسُ ثب ض٘ط 

amorphous state حبلز ثٖ ضىل grain boundriess ًِهطظّبٕ زا 

attractive force ًِ٘طٍٕ خبشث helmets ٌٖووُ اٗو 

beryllium ثطٗلَ٘م Inner shell ٖدَسشِ زاذل 

body- centered cubic هىؼجٖ هطوع دط inorganic substances ًٖهَاز هؼس 

cadmium وبزهَ٘م inter-crystalline cracking ٕسطن ذَضزگٖ ث٘ي ثلَض 

ceramics سطاه٘ه ّب inter- crystalline movement ٕخبثدبٖٗ ث٘ي ثلَض 

chemical properties ٖٗذَاظ ض٘و٘ب intermetallic compounds ٕسطو٘جبر ث٘ي فلع 

chlorine ولط intermolecular ٖث٘ي هَلىَل 

chromium وطٍم ionic bond ًَٖٗ دًَ٘س 

close-packed hexagonal ُضص ٍخْٖ فططز ions َٗى ّب 

concrete dam ٌٖسس ثش isotopes اٗعٍسطٍح ّب 

covalent bond  ٖدًَ٘س وَالاًس laser ل٘عض 

creep ذعش lathes زسشببُ سطاش 

crystalline state ٕحبلز ثلَض lattice structure ٕسبذشبض ضجىِ ا 

crystalline substances ٕهَاز ثلَض magnesium هٌ٘عَٗم 

crystalling geometry ٌّٕسسِ ثلَض magnetic ٖهغٌبع٘س 

crystallization سجلَض magnification ٖٗثعضگٌوب 

dendrites زًسضٗز materials engineer هٌْسس هَاز 

dendritic crystal ضٗشٖثلَض زًس materials science ػلن هَاز 

diagrammatic ٖعطحَاضُ -زٗبگطاه metal dendrite ٕزًسضٗز فلع 

electrical conductivity ٖضسبًٌسگٖ الىشطٗى metallurgy ٕهشبلَضغ 

electric discharge tubes ٖلاهخ سرلِ٘ الىشطٗى microscopical structure ٖسبذشبض ه٘ىطٍسىَد 

electronegative َ٘ثبضزاض هٌفٖ -الىشطًٍببس mobility سحطن 

electropositive ثبضزاض هثجز molybdenum هَل٘جسى 

elucidation ضٍضي سبظٕ، سَل٘ح negatively charged particles ٖشضار ثبضزاض هٌف 

face-centered cubic هىؼجٖ ثب ٍخَُ هطوع دط neutrons ًَسطٍى 

flaws ضىبف non - crystalline solids ٕخبهسار غ٘ط ثلَض 

gas shield ٕحفبػ گبظ non metallic ٕغ٘ط فلع 

gas turbines ٕسَضث٘ي گبظ nucleation ًّٖسشِ ظاٖٗ، خَاًِ ظ 

generators غًطاسَض، هَلس nuclei ّسشِ ّب 

nucleus ِّسش valency ٍالاًس، ظطف٘ز 

oil refinery دبلاٗطببُ ًفز Valency shell لاِٗ ظطف٘ز 

organic polymers ٖدل٘وط هل viscosity ٍٍٕٗسىَظٗشِ، گطاًط 

photoecletric cell سلَ  فشَالىشطٗه solidify هٌدوس ضسى 

piezoelectric pressure فطبض د٘عٍالىشطٗه solid materials هَاز خبهس 

pitch ل٘ط solid state chemistry ض٘وٖ حبلز خبهس 

polymeric (plastic) materials  ٕهَاز دل٘وط solid state physics ف٘عٗه حبلز خبهس 

polymer science ػلن دل٘وط solubility ٕاًحو  دصٗط 

positively charged particles شضُ ثبضزاض هثجز space lattice ٖٗضجىِ فضب 

primary bond ِ٘دًَ٘س اٍل spherical ٍٕوط 

random formation ٖسطى٘ل سػبزف spherical particles ٍٕشضار وط 

refractory orcides اوس٘سًسَظ spikes ِه٘رچِ، لج 

resolution  سفى٘ه، ٍلَح سػَٗط stable compound سطو٘ت دبٗساض 

rigid geometrical form ضىل ٌّسسٖ زل٘ك steel melting furnace وَضُ شٍة فَلاز 

segregations سفى٘ه tensile strength ٖهمبٍهز وطط 
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semiconductors ً٘وِ ضسبًب transverse cracking ٖسطن ػطل 

unit cell سلَ  ٍاحس   
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Unit 2 

History of Metallurgy 
 

Several references to man , s early uses of metals point to the fact that primitive man adapted 

them to his own purposes. For example, there is reference to the early Iron Age, giving a glimpse 

of man , s first venture into the mysterious world of ores and fire that he found and used-the ores 

from underground and the fire from his own ingenious making. This passage relates: 

Iron is taken out of the earth, and copper is smelted from the ore. Man Put an end to 

darkness, and searched out to the farthest bound the ore in gloom and deep darkness. They 

open shafts in a valley away from where men live: 

they are forgotten by travelers, they hang a far from men, they swing to and fro. As for the 

earth, out of it comes bread: but underneath it is turned up as by fire. 

Going back much farther it is revealed from the writings and artifacts of prehistoric days that 

cavemen 20,000 years ago worked with stone and bone to make their tools and weapons. Man 

undoubtedly learned to use metals in a limited way not later than 5500 years ago when the 

Egyptians made and wore copper beads and their rulers bathed in water conveyed by copper 

pipe from the river Nile to their private pools. Copper nuggets and meteoric iron, as well as gold 

and silver, were used; the gold, in the form of nuggets found exposed along the river beds, being 

pounded into crude ornaments with a stone hammer. Unlike copper, gold did not harden 

appreciably with this pounding, and man was therefore unable to use it for his tools. Native 

silver was also used in rings, bracelets and other fine ornaments, but not to the extent of gold. 

We have discovered that goldsmiths were among the first metal workers, as revealed by some of 

the oldest archeological excavations in Egypt, Iran, Iraq and Greece. 

 

 

 

 

 

 

 

 

 
Fig. 2-1. Gold necklace Merlik. Iran, Ca., 12-1000 B.C. length 12-1/4 in. (Prints through courtesy of Smithsonian 

Institute.) 
 



 

11 History of Metallurgy 

Man discovered the art of smelting ores to produce metals near the end of the Stone Age and, 

from what we can learn, this discovery did not revolve merely about copper, the first industrial 

metal, but actually engaged man in chemistry that revealed to him, 

 

 

 

 

 

 

 

 

 

 
in rather quick sequence, the existence of silver, lead, tin,and probably iron. We find that tin 

revealed itself as the ideal addition to bronze only after long and undoubtedly unintentional 

trials with such impurities as antimony and arsenic. 

The actual discovery of metals appears to have begun in the sixth millennium, as man , s uses 

and recordings of them became reasonably well advanced by the year 2000 B.C. This did not 

occur in only one locale or area, but through an area stretching from western and central 

Anatolia (Turkey), across the flanks of the Taurus and Zagros mountains, over to the central 

desert of Iran. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Fig. 2-3. Metals as art. (a) Bronze mountain deer. Length, 5.3 cm. (b) Bronze humped cow mounted on four wheels. 

Length 11.5 cm. (c) Bronze oxen with yoke and plow. Overall length about 35 cm. These items are from the recent Marlik 

excavations in Iran (about 1200-1000 B.C.) (Courtesy of Theodore A. Wertime.) 
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Fig. 2-4. Bronze lion incense burner, Iran. Seljuk, 12th century. 11-3/8 in. long (Print through courtesy of Smithsonian 

Institution.) 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 2-5. Gold protoma of a lion. Ziwiye 7th century B.C. Weigh 57 g. (Print through courtesy of Smithsonian Institution.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-6. Bronze battle club, Iran, Luristan 7th – 8th century B.C. (Print through courtesy of Smithsonian Institution.)  



 

11 History of Metallurgy 

Metallurgy and Pyrotechny 

When we look at the activities of early man from the viewpoint of metallurgy and pyrotechny, 

we conclude that the smith of the late fourth millennium B.C. must have been remarkably 

sophisticated in a practical way regarding the individual phenomena of metallurgy. He 

undoubtedly knew the effects on metals of hammering, annealing, oxidation, melting, and 

alloying ; he must have been aware of the phenomena of simple decomposition of ores, their 

reduction, double decomposition, and metathesis (exchange of impurities), and he undoubtedly 

knew something of the miscibility and immiscibility of solutions. Following his trail into these 

arcane revelations is indeed an exciting, and occasionally a rather bewildering quest. 

Study in the twentieth century of the early history of metallurgy has been hampered by a 

rather singleminded attention to firing temperatures as the key to the first appearance of metals. 

Thus, by this rather absurd reasoning, the Copper Age precedes the Iron Age by some 4000 or 

5000 years, because copper melts at only 1083 C, whereas the melting point of iron is 1537 C. 

However, early smiths viewed not one element at a single temperature, but the whole of matter 

on an ascending scale of heat. 

We can imagine the bafflement of the first men when they attempted smelting when we review 

some facets of chemistry which would have seemed to them utterly contradictory. At 100C oxide 

films first appear on some metals. At 330 C silver oxid and pyrites begin to decompose , while 

pure tin and lead have melted. At 500C sulfide ores (in air) begin to roast, while cold worked 

copper and bronze have fully recrystallized and become soft. It is also significant that at 600 C 

clay pottery develops moderate hardness and some types begin to develop a vitreous finish. Some 

glazes are molten at this temperature, but more heat is required for metallurgical slags to run 

properly. At this or even at a lower temperature, it is relatively easy to reduce copper, lead, and 

iron from pure oxide minerals by contact with charcoal; but the reduction of an ore is not 

metallurgically practical unless the metal can be separated from the rocky impurities. This , of 

course, requires that the metal be melted, and it is usually also necessary for the ore to reach a 

temperature high enough to fuse the earthy matter contained in it. Common early slags for all 

metals were composed of iron silicates or calcium-iron silicates melting at about 1200 C. 

Copper, lead, and tin conveniently melt below the temperature of fusion of the slags; iron does 

not melt when the slag does (its melting point when pure is 1539C), but even at a dull red heat it 

is reduced to a metallic sponge which can easily be consolidated by hammering to weld the 

particles together when the slag melts and can be expelled. 
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 فصل دوم 

 شیرتاریخ هتالَ

 

همبغس ذَز ثط هًْب ضا ، زٌّس وِ اًسبى اٍلِ٘ هٖ اٗي ٍالؼ٘ز ضا ًطبى، اٍلِ٘ اًسبى اظ فلعارّبٕ  چٌس هطخغ زض هَضز اسشفبزُ

ز زاضز وِ زض هى ًببّٖ اخوبلٖ ثِ اٍل٘ي السام ثطط زض ضاثغِ ثب زً٘بٕ ٍخَاٍلِ٘ هطخؼٖ ثِ ػػط هّي ، هٌغجك وطزُ اسز. ثطإ هثب 

 وٌس: هٖ اٗي هشي ػٌَاى. هطهَظ سٌبْبٕ هؼسى ٍ هسص وِ ٗبفشِ ٍ هَضز اسشفبزُ لطاض زازُ اسز اضائِ ضسُ اسز

ضٗىٖ ػو٘ك ٍ ًباه٘سٕ سب ّب ًْبز ٍ زض سبضَز. ثطط دبٗبًٖ ثطإ سبضٗىٖ هٖ ضَز ٍ هس اظ سٌگ هؼسى شٍة هٖ هّي اظ ظه٘ي ذبضج

 گطَزًس.، وطزًس هٖ وِ اًسبًْب زض هى ظًسگٖإ  زضخِ ثِ خسشدَٕ سٌگ هؼسى دطزاذز. هًْب زالاًْبٖٗ ثِ ث٘طٍى اظ زضُ هٌشْب

اظ هى ًبى ث٘طٍى ، ذَضزًس. ظه٘ي هٖ هًْب ثِ خلَ ٍ ػمت سبة، ٗعاى ثَزًسٍاًسبًْب هزٍض اظ هًْب ، هًْب سَسظ هسبفطٗي فطاهَش ضسًس

 ضَز. هٖ هٗس ٍلٖ ظٗطظه٘ي ثِ هسص سجسٗل هٖ

سب   000/20ضَز وِ ثطط غبضًط٘ي  هٖ ٍ هػٌَػبر ضٍظّبٕ هبلجل سبضٗد هؼلَمّب  اظ ًَضشِ، ثب ثبظگطز ذ٘لٖ ث٘طشط ثِ ػمت

سالل ثسٍى ضه اسشفبزُ اظ فلعار ضا ثِ غَضر هحسٍز ح، لجل ثب سٌگ ٍ اسشرَاى وبض وطز سب ٍسبٗل ٍ سوحْبٗص ضا ثسبظز. ثطط

 حوبم، ثطزًس ٍ حبووبى هًْب زض هثٖ هٖ سبذشٌس ٍ ثِ وبض هٖ هسّٖبٕ  ٌّببهٖ وِ هػطٗبى هْطُ، سب  لجل ٗبز گطفز 5500

لغؼبر هسٖ ٍ هّي  ضس. هٖ هسٖ اظ ضٍزذبًِ ً٘ل ثِ حَلْبٕ )اسشرطّبٕ( ذػَغٖ هًْب هٌشملّبٕ  وطزًس وِ سَسظ لَلِ هٖ

ثِ غَضر سعئٌ٘بر ذبم ثب ّب  ٗبفز ضسُ زض عَ  ثسشط ضٍزذبًِّبٕ  ثِ ضىل سىِ، ضسًس. عو هٖ اسشفبزُ، ػوٍُ ثط عو ٍ ًمطُ، ثطاق

 ضس ٍ ثٌبثطاٗي ثطط ًوٖ سرزإ  عو ثب اٗي وَث٘سى ثِ عَض لبثل هوحظِ، ثطذوف هس ضس. هٖ ٗه چىص سٌبٖ وَث٘سُ

ضس  هٖ شجٌسّب ٍ سبٗط ٍسبٗل ظٌٗشٖ ظطٗ  اسشفبزُزس، سَاًسز اظ هى ثطإ ٍسبٗلص اسشفبزُ وٌس. ًمطُ عج٘ؼٖ ً٘ع زض حلمِ ّب ًوٖ

، ػطاق ٍ ًَٗبى هطرع ضسُ اسز، اٗطاى ثبسشبى ضٌبسٖ زض هػط ،حفبضْٗبٕ چٌبًىِ اظ سؼسازٕ اظ لسٗوٖ سطٗي . ٍلٖ ًِ ثِ اًساظٓ عو

 ظضگطاى خعء اٍل٘ي فلعوبضاى ثَزًس.

اٗي ، ٗبز ثب٘طٗنسَاً٘ن  هٖ حدط وط  وطز ٍ اظ هًچِثطط ٌّط شٍة سٌبْبٕ هؼسى خْز سَل٘س فلعر ضا زض حسٍز اٍاذط ػػط 

ثلىِ ثطط ضا ٍالؼبً زضگ٘ط ض٘وٖ ًوَز وِ ثطإ اٍ ثِ سطس٘ت سطٗؼشطٕ ، ضس ًوٖ هطثَط، وط  هٌحػطاً ثِ هس ٗؼٌٖ اٍل٘ي فلع غٌؼشٖ

اظ ثؼس سُ ه  ثِ ثطًع فمظ اٗإ  وِ للغ ثِ ػٌَاى افعٍزًٖ فْو٘نللغ ٍ احشوبلاً هّي ضا هضىبض سبذز. هب هٖ، سطة، ٍخَز ًمطُ

 هظهًَْبٕ عَلاًٖ ٍ لغؼبً غ٘طػوسٕ ثب ًبذبلػْ٘بٖٗ هبًٌس هًش٘وَاى ٍ هضسٌ٘ه هضىبض ضس.

لجل اظ ه٘وز ثِ  2000هًْب سب سب   سَاثك ضسس زض ّعاضُ ضطن ضطٍع ضسُ ثبضس چطاوِ هػبضف ٍ هٖ وط  ٍالؼٖ فلعار ثِ ًظط

وِ اظ هًبسَلٖ غطثٖ ٍ هطوعٕ إ  ب زض ٗه هحل ٗب هٌغمِ اسفبق ً٘فشبز ثلىِ زض هٌغمِعَض هَضز لجَلٖ د٘ططفز وطز. اٗي هسئلِ سٌْ

 وَّْبٕ سبضٍس ٍ ظاگطس ٍ سب وَٗط هطوعٕ اٗطاى ازاهِ زاضز غَضر گطفشِ اسز.ّبٕ  )سطوِ٘ ( سب وٌبضُ
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 شی ٍ هَاد آتص زًه رهتالَ

گ٘طٗن وِ فلعوبض اٍاذط وٌ٘ن، ًش٘دِ هٖ هٖ اًسبى اٍلِ٘ ًببُ غٕ ٍ هَاز هسص ظًِ ثِ فؼبل٘شْبٕضٌّببهٖ وِ اظ ًمغِ ًظط هشبلَ

ذجطُ ثبضس. اٍ ، غٕضخساگبًِ هشبلَّبٕ  ثِ غَضر ػولٖ زض ضاثغِ ثب دسٗسُإ  ثبٗس ثِ عَض لبثل هوحظِ، ّعاضُ چْبضم لجل اظ ه٘وز

سبزُ ّبٕ  اًسز. اٍ ثبٗس اظ دسٗسُز هٖ هل٘بغوبضٕ ضا ثط فلعارٍ شٍة ، اوس٘ساسَ٘ى، سبة وبضٕ، ثسٍى ضه اثطار چىص وبضٕ

سدعِٗ زٍگبًِ ٍ هشبسشبظ )سجبز  ًبذبلػْ٘ب( هگبُ ثَزُ ثبضس ٍ اٍ ثسٍى ضه چ٘عّبٖٗ زض هَضز اهشعاج ، اح٘بء هًْب، سٌبْبٕ هؼسى

ث٘طشط گ٘ح زض اٗي هىبضفبر هطهَظ حم٘مشبً ٗه فشح خبلت سَخِ ٍ گبّبً  ضز اٍزاًسز. سؼم٘ت  هٖ دصٗطٕ ٍ اهشعاج ًبدصٗطٕ هحلَلْب

 وٌٌسُ اسز.

، غٕ زض لطى ث٘سشن ثب سَخْٖ سه ثؼسٕ ثِ زهبّبٕ هسص ظًٖ ثِ ػٌَاى ول٘س اٍل٘ي ظَْض فلعارضهغبلؼِ سبضٗد اٍلِ٘ هشبلَ

سب  لجل اظ ػػط هّي اسز چطا وِ هس فمظ  5000ٗب  4000ثب اٗي اسشسلا  ًسجشبً ثَْ٘زُ ػػط هس ، هوبًؼز ضسُ اسز. ثٌبثطاٗي

فلعوبضاى اٍلِ٘ ًِ فمظ ٗه ػٌػط زض زهبٖٗ ، ثب اٗي حب  اسز. c1537حب  هًىِ ًمغٔ شٍة هّي ، ضَز هٖ شٍة c1083زض 

 اًس. ذبظ ثلىِ ول هبزُ ضا زض هم٘بسٖ غؼَزٕ اظ زهب هطبّسُ وطزُ

سَاً٘ن  هٖ وٌ٘ن هٖ ضا ثطضسٖاًس  ًظط ضس٘سٍُلشٖ هب ثؼضٖ اظ حمبٗك ض٘وٖ وِ ثطإ اًسبًْبٕ اٍلِ٘ ثس٘بض سٌبلض هه٘ع ثِ 

ف٘لوْبٕ اوس٘سٕ اثشسا ، c100وطزًس ضا سػَض وٌ٘ن. زض ثؼضٖ اظ فلعار زض  هٖ هضفشبٖ هًْب ضا ٌّببهٖ وِ هًْب زض شٍة سوش

 c500زض  اًس. ض حبل٘ىِ للغ ٍ سطة ذبلع شٍة ضسُوٌٌس ز هٖ اوس٘س ًمطُ ٍ د٘طٗز ضطٍع ثِ سدعِٗ، c330ضًَس. زض  هٖ ظبّط

 ٍ ًطماًس  وٌٌس زض حبلٖ وِ هس وبضسطز ضسُ ٍ ثطًع وبهوً  سجلَض هدسز ٗبفشِ سطَِٗ هٖسٌبْبٕ هؼسى سَلف٘سٕ )زض َّا( ضطٍع ثِ 

هٍضز ٍ ثؼضٖ اظ هًْب ضطٍع ثِ د٘ساٗص  هٖ هشَسظ ثِ زسز سفب  ضس سرشٖ c600ضًَس. ّوچٌ٘ي لبثل هوحظِ اسز وِ زض  هٖ

غٗىٖ ضهشبلَّبٕ  ضًَس ٍلٖ ثطإ خبضٕ ضسى هٌبست سطثبضُ هٖ ثؼضٖ اظ لؼبثْب شٍة، زض اٗي زهب وٌٌس. إ هٖ ٗه دطزاذز ض٘طِ

اوس٘س ذبلع ثِ ٍس٘لِ ّبٕ  سطة ٍ هّي اظ وبًِ، اح٘بء هس، گطهبٕ ث٘طشطٕ هَضز ً٘بظ اسز. زض اٗي زهب ٗب حشٖ زض زهبٕ ووشط

ًس اظ اغٗىٖ ػولٖ ً٘سز هبط اٌٗىِ فلع ثشَضسوبس ثب شغب  چَة ًسجشبً هسبى اسز. اهب اح٘بء ٗه سٌگ هؼسى اظ ًظط هشبلَ

ًبذبلػْ٘بٕ سٌبٖ خسا ضَز. الجشِ اٗي ً٘بظهٌس هى اسز وِ فلع شٍة ضَز ٍ ّوچٌ٘ي هؼوَلاً لاظم اسز سٌگ هؼسى ثِ زهبٖٗ ثطسس 

هؼوَ  اٍلِ٘ ثطإ ّوِ فلعار اظ س٘ل٘ىبسْبٕ هّي ٗب ّبٕ  زى هبزُ ذبوٖ هَخَز زض هى وبفٖ ثبضس. سطثبضُوِ ثطإ شٍة وط

سطة ٍ للغ ثِ عَض هؼوَ  زض ظٗط زهبٕ ، ضًَس. هس هٖ ضًَس سطى٘ل هٖ شٍة c1200هّي وِ زض حسٍز  -س٘ل٘ىبسْبٕ ولس٘ن

 c1539ضًَس. )ًمغِ شٍة هى زض حبلز ذبظ  ًوٖ ضًَس شٍة هٖ شٍةّب  وِ سطثبضُضًَس. هّي ٌّببهٖ  هٖ شٍةّب  شٍة سطثبضُ

ٗبثس  هٖ ثِ ٗه اسفٌح فلعٕ وبّص ،سَاًس ذبضج گطزز هٖ ضَز ٍ هٖ ٌّببهٖ وِ سطثبضُ شٍة اهب حشٖ زض گطهبٕ لطهع س٘طُ، اسز.(

 ار ثِ ّن فططزُ ضَز.سَاًس ثِ سبزگٖ ثب چىص ذَاضٕ ثِ هٌظَض خَش زازى شض هٖ وِ
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Comprehension Exercises 
A. Put “T” for true and “F” for false statements. Justify your answers. 

1. According to the passage, the art of smelting ores to produce metals was discovered near 

the end of stone age. 

2. The real discovery of metals seems to have begun in the fourth millennium. 

3. It is true that metals were practically well advanced by the year 2000 B.C. over the central 

region of Iran. 

4. The author indicates that Iron Age precedes copper Age. 

5. As illustrated in Fig. 2-6, the ‘Bronze battle slub’, belonging to Luristan, Iran, is of 7
th

 to 8
th

 

century B.C. 

6. The poetic reference in the passage traces the mysterious world of ores and fire to the post-

Iron Age. 

B. Choose a, b, c, or d which best completes each item. 
1. The quotation stated in the context highlights the fact that iron and copper ………… 

after their discovery. 

a. are taken out of the earth 

b. put an end to the darkness of mankind 

c. are forgotten by travelers 

d. are smelted from the ore 

2. As revealed by prehistoric writings and artifact, cavemen worked with ………… to make 

their tools and weapons some 20,000 years ago. 

a. copper nuggets b. iron and copper c. stone and bone d. meteoric iron 

3. Some oldest archeological excavations made in Iran, Egypt, Iraq, and Greece have 

suggested that ………… were among the first metal workers in the world of metallurgy. 

a. foundry workers  b. clergymen 

c. Egyptians  d. goldsmiths 

4. By a rather absurd reasoning one may presume that there is a time span between the 

copper Age and Iron Age about ………… years. 

a. 4000 to 5000  b. 3000 to 4000 

c. 2000 to 3000  d. 5000 to 6000 

5. The gold necklace illustrated in Fig. 2-1, and the large gold beaker shown in Fig. 2-2-

both excavated in Marlik-indicate a clear metallurgical development of the old civilization 

of ………… between 1000 and 1200 B.C. 

a. Turkey b. Iraq c. Egypt d. Iran 

6. According to the artistic works illustrated in Figs. 2-1 through 2-6, the early man was 

quite sophisticated in ………… work. 

a. metallurgical and pyrotechnical b. ornamental 

c. archeological  d. excavatory 

7. The passage implies but does not indicate directly directly that the early smiths were 

aware of the effects of ………… . 

a. impurities of ores 

b. ascending scale of heat on ores 

c. temperature of fusion of ores 

d. decomposition of ores 

8. Egyptian rulers bathed in water conveyed by copper pipe from the river Nile to their 

private pools ………… years ago. 

a. definitely 5500  b. more than 5500 

c. less than 5500  d. about 5500 
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 تمرینات مفهومی
 ت زیر صحیح یا غلط هستٌذ.با تَجه به هتي تشخیص دهیذ که عبارا –الف

 زضسز -1

 غلظ -2

 زضسز -3

 زضسز -4

 زضسز -5

 زضسز -6

 بهتریي گسیٌه برای کاهل کردى هتي کذام است؟ -ب

1- b 

2- c 

3- d 

4- a 

5- d 

6- b 

7- b 

8- a 
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